Background: Research has shown that health literacy may be a stronger predictor of health than age, employment status, education level, race, and income. Evidence supports a strong link between low health literacy and poor dietary management of chronic diseases.
Introduction
Health literacy is defined as "the degree to which individuals have the capacity to obtain, process, and understand basic health information and services needed to make appropriate health decisions" [1] . To be health literate, comprehensions as well as numeracy are needed [2] . Health numeracy is defined as "the degree to which individuals have the capacity to access, process, interpret, communicate, and act on numerical, quantitative, graphical, biostatistical, and probabilistic health information needed to make effective health decisions" [3] . Health numeracy is not only about understanding but also functioning with numeric concepts in terms of health. Analytical and decision-making skills in addition to the ability to read and comprehend prescription medication dosages, appointment forms, consent forms, and preparations for diagnostic testing require functional health literacy.
The National Assessment of Adult Literacy (NAAL) 2003 is still the United States' most recent measure of adult health literacy for the nation's population. This assessment found that 75 million adults had either basic or below basic health literacy [4] . The average health literacy for women, younger adults, Whites, and those living above the poverty threshold was higher than men, adults over 65 years old, African Americans, and those below the poverty threshold; respectively [5] . Lower health literacy was shown to be associated with uncontrolled blood pressure as well as decreased knowledge of symptoms of hypoglycemia in patients with diabetes [6, 7] .
Health literacy and diet quality -assessed by the Healthy Eating Index (HEI-2005) and healthful eating practices -are associated positively [8, 9] . In addition, limited health literacy was associated with less dietary variety as well as limited preventive health behaviors such as low frequency of medical check-ups in older Japanese adults, residing in rural Japan [9] . Other studies found that health literacy correlated with nutrition skills such as estimation of portion size, understanding food labels, and seeking/ trusting nutrition sources, all of which affect dietary quality [8, 10] .
Diet quality can be evaluated based on food choices or nutrient intakes. The HEI, a primarily food-based quality index, measures compliance to the US Dietary Guidelines. However it does not assess micronutrient adequacy. The Mean Adequacy Ratio (MAR) is a method that compares nutrient intake of an individual to their Recommended Dietary Allowances (RDA). Since approximately half of the US population consumes dietary supplements, the use of the MAR method enables one to study the association of literacy with diet based on nutrients from only foods and from foods plus supplements.
To the best of our knowledge after a comprehensive literature review, there are no studies that evaluated the relationship between nutrient-based diet quality, calculated from total nutrient intakes (diet plus dietary supplements), and health literacy. The objective of the present study was to define the relationship between nutrientbased diet quality and health numeracy and literacy levels in Wave 3 participants of the Healthy Aging in Neighborhoods of Diversity across the Life Span (HANDLS) study. It was hypothesized that the association of health literacy with nutrient quality of the diet would be positive and statistically significant when dietary supplements were included in the assessment since the variance in nutrient intake would be increased between users and nonusers of dietary supplements.
Methods

Background on HANDLS Study
The HANDLS study, a National Institute on Aging sponsored longitudinal study that focuses on the influences of race and socioeconomic status (SES) on health in an urban population, was initiated in 2004. The baseline population was comprised of White (W) and African American (AA) men and women aged 30-64 years living in Baltimore, Maryland. A heuristic design was used to provide an equal sampling of four factors: age (7, 5-year age bands from 30-64 years), sex, race (AA and W), and SES (operationalized by household incomes below or above the 2004 125% of the Federal poverty guidelines). Further detailed information on the study design, eligibility and recruitment of participants can be found elsewhere [12] .
The data collected for Wave 3 occurred in between 2009 and 2013. Participants were scheduled for two appointments approximately one week apart. The first appointment occurred on the Medical Research Vehicles and included a medical examination, first 24-hour dietary recall, cognitive evaluation, echocardiography, assessments of bone density and muscle strength, health literacy measures and laboratory measurements. The second appointment consisted of a telephone interview. The second 24-hour dietary recall and dietary supplement questionnaire were collected during this interview [13] . Study protocol was approved by human IRBs at MedStar Health Research Institute, the National Institute of Environmental Health Sciences, NIH and University of Delaware. All HANDLS participants provided written informed consent and were compensated monetarily.
Wave 3 HANDLS Study Population
The present sample consisted of 1,818 individuals who completed two 24-hour dietary recalls, the dietary supplement questionnaire, the Rapid Estimate of Adult Literacy in Medicine (REALM) and the Test of Functional Health Literacy in Adults (TOFHLA) (Figure 1 ). Those who did not meet these criteria were excluded from analysis. The study sample was compared to those excluded. There were no significant differences in terms of sex, race, drug use, smoking status, education, and marital status. However, the study sample had more participants above 125% of the Federal poverty guidelines and also had higher Mean Adequacy Ratio with Supplements (MAR-S), and REALM scores than those not included in this study sample.
Dietary Intake Measures
Wave 3 of the HANDLS study used the United States Department of Agriculture's Automated Multiple-Pass Method for collecting dietary data. Trained dietary interviewers collected the dietary intake of the person being interviewed for the previous 24-hour period from midnight to midnight. For both interviews, a food model booklet was given to the respondents in order to increase accuracy in measuring portion sizes [13] . After interviews were completed, recalls were processed through the Post-Interview Processing System and then foods were coded using Survey Net to match food from the Food and Nutrient Database for Dietary Studies, version 5.0, and assign nutrient values [14] .
Dietary supplement information was collected from participants immediately after completion of the second 24-hour dietary recall [15] . This questionnaire gathered information on over-thecounter vitamin and mineral supplements, antacids, prescription supplements and antacids, and botanicals over the past month as well as the past 24-hours. Description of the calculation of nutrients obtained from dietary supplements is found on the HANDLS website [16] .
Assessment of Nutrient Quality of Diet
Nutrient-based diet quality was assessed using the Nutrient Adequacy Ratio, MAR and MAR-S scores [17] . Nutrient Adequacy Ratio is defined as the ratio of the participant's daily intake of a nutrient to his/her current Recommended Dietary Allowance (RDA) for that nutrient [18] . Thus RDA was adjusted for the age and sex of participants and vitamin C was adjusted for smokers [19] . Scores for 17 micronutrients: Vitamins A, C, D, E, B6, B12, folate, iron, thiamin, riboflavin, niacin, copper, zinc, calcium, magnesium, phosphorus, and selenium were calculated.
For this study, ratios were calculated based on nutrients contributed only by food (NAR) and contributed by foods plus dietary supplements (NAR-S). For individuals who did not consume dietary supplements their NAR-S score would be the same as their NAR score. The NAR and NAR-S scores were then converted into a percent with values exceeding 100 truncated to 100. The MAR and MAR-S formulas were: MAR= ( ∑NAR scores)/17 and MAR-S= ( ∑NAR-S scores)/17 [17] . All ratios were calculated for each recall day and then averaged.
Assessment of Health Literacy and Numeracy
The two inventories used to assess health literacy in Wave 3, namely the REALM and the TOFHLA numeracy were administered during the MRV examination. These tools were selected because they were well validated in a variety of populations, the items seemed relevant to HANDLS study participants and they best fit into the time available for their administration without adding significantly to the participant burden. The REALM is a word recognition test which focuses on medical-words and pronunciation from simple to more complex, multisyllabic words. A score of 66 is the highest, meaning all words were pronounced correctly [20] . TOFHLANumeracy was measured through 17 questions using prescription medication bottle labels, education information, registration forms, and diagnostic test instructions. The numeracy score was scaled to be out of 50 by multiplying by 2.941 [21] .
In baseline HANDLS study no measures of health literacy were performed. Instead, general literacy was assessed measured by Wide Range Achievement Test, Version 3 (WRAT-3). The WRAT-3 was highly correlated with REALM. As a result, WRAT-3 was not included in the models used for this study to avoid multicollinearity.
Statistical Analyses
Descriptive statistics were calculated for demographic, literacy, and dietary data. REALM and TOFHLA were only moderately correlated, (r = 0.349), so both were included in the same model. Additionally, educational attainment and REALM (r = 0.320) and education attainment and TOFHLA (r = 0.182) were not highly correlated.
Multiple regression models were used to explore the relationship of MAR and MAR-S scores to the health literacy measures, after adjusting for potential confounders. Model one included all the main effects (sex, race, SES, age, education, current smoking status, current illicit drug use, and energy intake), model two included main effects and the health literacy and numeracy measures. Model three included all the main effects, health literacy and numeracy measure and the interactions between sex, education, and race. Illicit drug use was defined as current use of marijuana, opiates and/or cocaine. All model assumptions, normality, multicollinearity, linearity, and homoscedasticity were evaluated. These assumptions were tested using the Shapiro-Wilk test, Box-Cox test, inspection of residuals, and examining the condition index and variance inflation factor, respectively. A reflected square root transformation was done on the MAR and MAR-S scores to achieve normal distribution, therefore, the lower the transformed value the higher the MAR and MAR-S scores. Only the results for models with MAR-S will be presented since neither REALM nor TOHFLA were significant predictors of MAR.
An additional analysis examined whether health literacy and numeracy were related to supplement use (any use vs. none) differently between races. HANDLS study supplement users tended to be White, women, more educated, more likely to be >50 years old and non-smokers. A 2 x 2 between-subjects ANOVA was used for this analysis. Alpha was set to 0.05 as the level of significance for all tests.
Results
Sample Population
The sample was comprised of 1,105 African Americans (60.8%) and 713 Whites (39.2%) ( Table 1 ). Approximately 41% of the sample was male and 59% female. Mean age was 53.1 years. Whites and men were more likely to be married compared to African Americans and women, respectively. White adults had significantly more years of education completed and fewer had incomes < 125% Federal poverty guidelines compared to African American adults (Table 1) .
Significantly more African American men were current smokers compared to White men (Table 1) . Within African Americans there was a significant difference between men and women, with a higher percentage of men being smokers and illicit drug users. There was also a significant difference between races within sex for illicit drug use. More African American adults were illicit drug users compared to White adults (Table 1) .
On the REALM, African American women scored significantly higher than African American men. In addition, Whites scored significantly higher than African Americans (Table 1) . White adults had health literacy scores indicative of > 9th grade reading level; African American adults had scores that indicated 7th-8th grade reading level. White women scored significantly higher on the TOFHLA-numeracy component compared to White men and African American women (Table 1 ). Similar to the REALM completed in Wave 3, Whites scored significantly higher than African Americans on the WRAT-3, measured at baseline (Table 1 ).
Approximately half of the African American women, White men and White women were supplement users compared to 37% of African American men. Men had significantly higher Mean Adequacy Ratios than women and Whites scored significantly higher than African Americans (Table 1) .
Nutrient Quality of Diet and Health Literacy
After adjusting for total energy intake, REALM but not numeracy was a significant predictor of diet quality. In interpreting the main effects in context of the transformation of the nutrient quality scores, a negative association in the coefficient from Table 2 , would be regarded as positive relationship. For example, the higher the energy intake the lower the reflected square root MAR-S; therefore, the higher the energy intake the higher the MAR-S. However, to interpret the direction of an interaction the directions of the main effects that comprise the interaction term must also be examined (Figure 2 ).
There was a significant positive association between education and MAR-S, and between REALM and MAR-S. Since both of these effects were significant, their interaction was also examined f MAR = Mean Adequacy Ratio based on nutrients from food; f MAR-S = Mean Adequacy Ratio with nutrients from supplements added) ( Table 2 ). As shown in Figure 2 , there was a statistically significant relationship between REALM and MAR-S as education level increased. A significant interaction was also observed between race and education, revealing that education was a stronger predictor for Whites compared to African Americans (Table 2 ).This finding was also seen for the model using MAR (b(SE) = 0.038 (0.017), p = 0.028) and means micronutrient quality can vary more drastically based on educational levels, making a focus on educational level vital.
Discussion
To our knowledge, this is the first study to investigate the relationship of health literacy and numeracy on nutrient-based diet quality scores derived from both food plus dietary supplements.
The findings provide evidence that health literacy was a significant predictor of diet quality based on total micronutrient intakes. The relationship between health literacy and diet quality was also stronger as education level increased. The findings of our study corroborate the synergistic relation of education with literacy reported by Kuczmarski et al [22] . An independent and synergistic association between literacy, measured by WRAT-3, and educational attainment in predicting diet quality assessed by the HEI-2010 was reported for participants examined in the baseline HANDLS study [22] . Thus two studies using the same lower income urban population over separate waves of a longitudinal study reveal that literacy impacts diet quality regardless of the evaluation approach, namely the HEI or MAR. In our study, health literacy, measured by REALM, was significantly higher in urban White men and women compared to urban African American men and women, respectively. Zoellner et al [10] also found Whites had significantly higher health literacy scores compared to African Americans within a rural population. Although no health outcomes were examined in our study, researchers have found health literacy to impact health outcomes. McNaughton et al [6] evaluated the association between health literacy and blood pressure control. Results indicated that low health literacy, measured by REALM, was associated with uncontrolled blood pressure.
Patient education materials written at levels that exceed the literacy skills of target audiences are ineffective [7, 23] . Among HANDLS participants, approximately 48% of African Americans and 26% of Whites read at or below an 8th grade level [17] . These results are comparable to the NAAL which found most adults read at an 8th grade level, and almost 20% of adults read at a 5th grade level [24, 25] . Others have reported health materials are written at 9th grade level, a level above the literacy of approximately 37% of HANDLS study participants [4, 26] . Therefore, these participants may not understand brochures describing ways to improve their diet.
The National Cancer Institute's National Work Group on Literacy and Health recommended preparing health education materials at the 5th grade reading level to target low literacy/low education audiences [27, 28] . If materials are targeted to the 5th grade level it would meet the needs of almost 92% of HANDLS participants, based on REALM scores. Avoiding medical jargon, especially polysyllabic words, and breaking down information into simple concrete ideas may increase the likelihood of comprehension [29] . The study findings emphasize the need for dietitians, nutritionists, and other health educators to be aware of their clients' literacy abilities, using appropriate language and nutrition education materials to encourage improvement in dietary intakes. Our data suggest how important it is to create well designed health education materials targeted to vulnerable populations given eliminating health disparities and achieving health equity among all American subpopulations is a goal of Healthy People 2020.
There are several strengths of this study. The HANDLS study targets a large, understudied population of socioeconomically diverse African American and White adults. Independent demographic analysis found that the HANDLS study population is representative of 14 other US cities with similar population densities and racial distributions [30] . Also, the method of dietary collection was based on two 24-hour dietary recalls which allowed for analysis of typical dietary intake in normal and overweight individuals [31] . Another strength is this study evaluated the relationship between health literacy and numeracy with diet quality measured from nutrients from food plus nutrients from dietary supplements, providing a more complete picture of nutrient intake.
There are also limitations to this study. These data were crosssectional making it impossible to determine the direction of effects. In addition, although two 24-hour recalls were used for dietary collection, there is still the possibility of bias due to underreporting by participants. Another limitation is the omission of food insecurity in the regression model, which could affect diet quality. The findings are limited in generalizability to persons slightly above the Federal poverty guidelines since the analytical sample included more Wave 3 HANDLS participants with incomes above compared to below 125% of the Federal poverty guidelines.
Conclusion
Health literacy was a predictor of nutrient-based diet quality with higher literacy associated with higher quality scores for HANDLS study participants. Those with higher education levels had significantly higher diet quality compared to those with lower education levels. The study's findings support the indisputable influence of educational attainment and health literacy in nutritional and health status and outcomes. Furthermore, they highlight the need to provide relevant, comprehensible materials to improve diet quality which may ultimately diminish the prevalence of obesity and obesity-related disorders among poor and minority communities.
